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CALCULATION OF THE ECLIPSE FACTOR
FOR ELLIPTICAL SATELLITE ORBITS
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Fred G. Cunningham

Goddavd Space Flight Centey

SUMMARY

Equations are derived for determining the fraction p of an
orbital period a satellite spends in the shadow of the earth, The
equations are applicable to elliptical orbits where the parameters
to be specified are the angle & between the orbital plane and the
solar vector; and the angle 3 between the line of apsides of the
orbit and the projection of the solar vector onto the orbital plane,
The equations for p, (8§ = 0) and » (8 # 0) are identicalin form,
both arising from the solution of the same differential equation;
however, the limits of integration which must be substituted into
the equation are functions of the orbital parameters and § and §.
For u,, these limits are obtainable from the solution of a quad-
ratic equation; this solution is given in terms of the orbital pa-
rameters and & and 8. For » the limits of integration are given
by a transcendental equation (also a function of the orbital pa-
rameters and 8 and B)which canbe solved graphically or numer-
ically. In addition, extensive tables are given which present the
calculated values of u for various values of the orbital parameters
and & and 3.
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CALCULATION OF THE ECLIPSE FACTOR
FOR ELLIPTICAL SATELLITE ORBITS

by
Fred G. Cunningham

Goddard Space Flight Center

INTRODUCTION

In order to perform a thermal analysis of a satellite it is necessary to consider the
direct solar radiation input—one of the primary sources of energy. To accomplish this
the time per orbital period that the satellite spends in the shadow of the earth must be
determined. In a recent paper, Peckham® presented a rather exhaustive treatment of
this problem and stated that '""The general problem is to calculate the fraction of an
orbital period that a satellite spends within the earth's shadow and to determine the vari-
ation of this fraction during a given year." This is a rather comprehensive undertaking,
and the resulting equations are rather cumbersome and require lengthy wmachinations
before yielding a solution. The usefulness of such a study cannot be denied. However,
there are times in a satellite's life when it would be useful to know the shadow time for
the instantaneous orbit for which the orbital parameters, orientation of the line of ap-
sides, and orbital inclination to the solar vector are sufficiently known, Such a time
could occur, for example, in the initial stages of a satellite's life, and also in prelimi-
nary design stages where the desired orbit is predicted and these parameters are given.

Consequently, a method for determining this eclipse factor ' has been developed which
will allow for reasonably speedy calculation so long as suitable parameters are supplied
for the instantaneous orbit. One simplifying assumption made is that the umbra of the
earth's shadow can be approximated to a sufficient degree of accuracy by a right circular
cylinder. Such an assumption is valid because the umbra—being approximately 106 earth
diameters long—changes very liftle in width in the vicinity of the earth. No attempt is
made to consider the penumbra region of the earth's shadow.

*Peckham, George W., "*The Orbital Shadowtime of an Earth Satellite,”” Master's thesis of the Institute of Technology, Air
University, Wright Patterson AFB, Ohio: Sept. 1960.
1The percentage of orbital period a satellite spends in the shadow of the earth.
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ANALYTICAL TREATMENT

If we assume the earth to be perfectly spherical (1/r potential) and neglect all per-
turbing effects, the orbit of a satellite is an ellipse with the center of the earth at a focus:

B a(l - ¢?) 1
" T 1+t e cos(y- By M

where r and y are the plane polar coordinates of the satellite orbit, « and ¢ are the
semi-major axis and the eccentricity of the ellipse respectively, and 2 is a constant
representing some fixed direction from which  is measured (Figure 1). In the following
presentation all quantities of length involved are given in units of mean earth radii. It is
convenient to choose 3 as the angle formed by the line of apsides of the orbit and the line
formed by the projection of the solar vector onto the orbital plane. In this manner the
orientation of the elliptical orbit is exactly defined by the specification of 8 and &, where
5 is the angle between the orbital plane and the solar vector. The positive direction of
the angle ¢ is determined by the manner in which we define 8. The angle £ is defined
with respect to the line of apsides at the point of perigee in such a way that 0 < 5 < 7,

We thereby have complete symmetry about the line of apsides, However, when & = 7/2,
the projection of the solar vector onto the plane of the orbit yields a point rather than a
line, which leaves 2 undefined. For present purposes it suffices to mention that this is
in no way harmful, as will be made clear, We will consider, at present, only an ecliptical
orbit (5 = 0). Figure 2 shows the geometry of the situation and defines all the needed
quantities.

Figure 1 - Geometry of an ellipse in polar coordinates
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Figure 2 - Geometry of the orbital ellipse and shadow of the earth for § = 0

The eclipse factor w, (& = 0) is given by

oty -ty (2)

where ¢, is the time when the satellite enters the shadow and ¢, is the time when it
emerges, while - is, of course, the orbital period. The problem then is to determine
the difference ¢, - ¢,. Using Kepler's second law which says that the rate of descrip-
tion of area by a satellite in an elliptical orbit is constant, we have®

2ay 3)

*Smart, W. M., "Celestial Mechanics,” London: Longmans, Green and Company, 1953
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Since the area of the ellipse is 7eb, where b is the semi-minor axis,

1,2
b= ol - e2) 7,
the area can be written as

A = 7a?(1 - 82)1/2' (4)

Now, the constant rate of description of area multiplied by the orbital period » equals
the area swept out by the satellite upon completion of one orbital revolution—just the area
given by Equation 4, Thus

kT = ma®(1 - ez)”2. (5)
By inserting the value of 4 from Equation 5 into Equation 3, we have

dy 2rad(1 - ¢y’ ; (6)
4 2

reT

and the substitution of r from Equation 1 into Equation 6 yields

%_E[1+ecos(w~5)]2 n
de — 7 (1 - 62)3/2 )

Now, Equation 7 is merely a differential equation with separable variables. Thus

tay 9 1 e2)3/2 dy (8)
(¢, - t,) = J- dt = J - ,
2 1 t W, 277[1 + e cos(y - ﬁ)] 2

where ¢, and y, refer to the value of y when ¢ = ¢, and ¢ = ¢, respectively.

In order to determine ¢, and y,, we consider Figure 2, from which

Ty cos(gﬁz1 —%) = 1, (9)

1,

r, sin(y, - 7}

since we took the radius of the earth as 1. By combining Equations 1 and 9 we have
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1+ e cos(y, - 5) (10)

a(l - e2) sin

and
-a(1 - ¢?) siny, = 1+ e cos(y, = A). (11)
In order to obtain quadratic expressions involving only sines or cosines, we reduce Equa-

tions 10 and 11 by expanding the cos(y - 5) factors, collecting terms and squaring the
results:

[az(l—ez)2 - 2ae(1-¢?) sin B+ e2:| cos?y, + 2 cos 3 cos Y,

2
+ 1= [a(1-e? - ¢ sin ﬁ] = 0, cosy, <0 (2nd Quadrant);

and

2
[a2(1—e2) + 2ae(1-¢?) sin B8 + ez] cos?y, + 2e cos B cos ¥,

2
i 1- [a(l-e"’) + ¢ sin ,8] = 0, cosy, <0 (3rd Quadrant).

In the above expressions

-a - a? - y(1 - 7?) (12)

cos Y, = 5
and
- - 2 _ ’ 1 - 2
cos Y, * 2 \/; :Y( n) s (13)
Y
where
a = e cos S,
2
y = [02(1—e2) - 2qe(1-e?) sin B + eﬂ].

~
"

! [az(l—ez)2 + 2ae(1-¢?) sin B+ ez],

a(l-e?) - e sin B,

3
"

n'= a(l-e?) + e sin B



Now, Equation 8 can be readily integrated if we make the change of variable ¢y-8=y
such that dy = dy (# is constant for any particular orbit):

¥, $q- B

J‘ dyp _ J' dy
v, i:l«t‘ecos(x,b—ﬁ)]2 -8 [l+ecos y]z'

an integral given in Dwight's tables,* No. 446.03 (since ¢? < 1), The integral is

42 a o [ sy =B sinty - A)
" [T+ecos(¢—ﬁ)]2- 1-¢2|T+ecos(fy -B) 1+ ecos(y,=f)

) (1-¢) tan (%2-/5) ; (1-¢) tan (%2‘5>
3/2

(1~ e?) (1-eny” (1-en"? (14)

Substituting Equations 8 and 14 into Equation 2 gives

6(1_92)1/2 Sin(l/!l - ﬂ) Sin(‘?bQ = /8)
Mo = D 1+ ¢ (:()5(1[1l -f T 1+t+e COS(\,IJ2 - B
1 (1-¢) tan(¢2;ﬁ> (1-¢) tan(\pl,;ﬁ)
+ = [tan"! > - tan!
m (1 _ ez)l, 2 (1 _ 62)1/2 (15)

In order to determine the eclipse factor . for % #0 consider Figure 3 which defines
the starting points and presents the case of ¢ = 0. It is apparent that any value of 5 > 0
can be obtained by simply rotating the orbital plane about the line passing through the
earth's center perpendicular to the solar vector. Since the earth's center coincides with
a focus of the orbit, it also follows that all of the orbital parameters will remain constant.
Clearly, as we rotate the plane of the orbit there exists a value of 3 which we shall call
5' such that for & > s’ the eclipse factor equals zero; this represents a 100 percent sun-
lit orbit. For the values of & < &', we have 0 < n < 1/2, Hence, the fact that 5 is unde-
fined when 3 = #/2 causes no trouble. We now define 3’ as that value of 3 occurring
when the orbit is tangent to the shadow of the earth (Figure 4).

It is obvious from Figure 4 that when 0 < 5 < 5’ the satellite spends a portion of its
orbital period in shadow and hence . > 0, Likewise, when &' < & < 7/2 the satellite has
a 100 percent sunlit orbit, » = 0.

*Dwight, H. B., "Tables of Integrals and Other Mathematical Data,” 3rd Ed., New York: MacMillan Co., 1957, p. 100



Figure 3 - Geometry of the problem for § = 0

The projection of r (in this case, the SOLAR VECTOR
radius vector lying along the continuation /
of the projection of the solar vector onto
the orbital plane)onto the plane normal to 5t
the solar vector (Figures 3 and 4), is equal
to unity when & = $'. Hence we have ORBITAL

PLANE

a(l - e?) sin &’

1+ e cos(m - B =L

] Figure 4 - Geometry defining &', the value of
from which &’ can be determined. 5 for which the orbit is tangent to the shadow

The final step in this development
is the determination of the angles y, and
¢, as a general function of ¢ in the range 0 <5 < 8'. Using the triangles oa’a” and
ob'b” in Figure 5 and the theorem of Pythagoras we can write for

).

(NIE]

1 = r,? sin? (‘/’1 - 7—27) sin?8 + r 2 cos (¢1 -
which reduces to

[1+ ¢ cos(y, - &) = a%(1 - e))? (1 - cos?y, cos?s); (16)

and for ¢,



or

1 = 2 cos? (Y, = 7) sin?8 + '22

Ty sin (¢2 = ),

[1 + e cos{, ~ ,5)]2 = a"’(l—e2)2 (1 - cos?y, cos??)

(17)

The forms of Equations 16 and 17 are identical; the only difference arises from the fact
that Equation 16 contains y, where Equation 17 has ¢,. We can write the general equa-

tion in the form

[1+ ¢ cos(y - B - a(1-e?)(1 - cos?yp cos?s) " = 0
ORBIT
g N
\
\
a 2t \

; \
\\\ \
/ N ﬁ \
L 6™ ¥YQ) |
all )} wz I
el |
N
A\ /
\ i | /
\ )
A /

SOLAR
VECTOR

Figure 5 - Geometry of the problem for determining y, and y, when

ab =

oal _
ob} N
oa' =
ob’ =

oa n B
ob " =

part of the orbit penetrating the shadow;

the radius vectors (lying in the plane of the orbit) from the
center of the earth to a and b respectively;

the projection of oa on the plane normal to the solar vector;
the projection of ob on the plane normal to the solar vector;

the projection of{zz ,} onto the line perpendicular to the

solar vector and perpendicular to the intersection of the
orbital plane with the ecliptic plane

(18)
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This equation can be solved graphically, or by numerical methods for very accurate
results, It can be seen that there are at least two roots—one in the second quadrant, ¢,,
and one in the third quadrant, ¢, —which are the desired ones. The eclipse factor .. for
5 # 0 is given by the same expression as y, (Equation 15) with the additional require-
ment that y, and ¢, be determined by solving Equation 18 rather than the special case
(5 = 0) in which ¢, and ¢, are given by Equations 12 and 13, respectively.

CONCLUSION

It can be seen that the preceding derivation provides a method for determining the
eclipse factor—for the problems defined here—which involves considerably less alge-
braic calculations than does the more comprehensive approach., The only difficulty
arises from Equation 18, However, we can attest from experience that, with graph paper
and a desk calculator, the reader can arrive at an answer within 30 minutes. The eclipse
factor is tabulated for a large variety of orbits in Appendix A

ACKNOWLEDGMENT
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Appendix A
Tabulation of the Eclipse Factor

for Various Satellite Orbits

In the following pages the eclipse factor is tabulated for an extensive number of
orbits. In Parts I and II the value of perigee r_ in kilometers is given by the column
headings, and the value of apogee r, in kilometers by the row headings. PartI of the
tabulation presents the values of r, in the range 100 < r, < 1600 km in increments of
100 km; Part II covers the range 1700 < r_ < 3200 km. In all cases 100 < r_ < 82,000 km
for the increments shown under the condition that r, > r ot In each case the values of g
and & are given at the top of each table, In many cases these are such that, for the peri-
gees given, 4 = 0 for all values of r, greater than some intermediate value. For these
cases the table is not given in its entirety but is terminated at the appropriate point.

The values of 2 used lie in the range 0< 8 < 180° with A = 20°, For each value of
B used, 0< 3 <70° with A8 = 10° for Part I, whereas in Part II the range of & is 0< & <
50°, The values § = 80°, 90° are omitted in the first set of orbits, and those for 5 = 60°,
70°, 80°, and 90° are omitted in the second set of orbits, because for these cases the

satellite has a 100 percent sunlit orbit, Part II presents the data for circular orbits.

In addition, » has been calculated for B=10°, 30°, 50° --+ 170°, but these data are
not presented here. Copies of these unpublished results may be obtained by writing The
Thermal Systems Branch, code 633, Goddard Space Flight Center.
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*RP

RAs
Loo
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3400
1600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
6800
7000
7200
7400
7600
7800
8000
8500
9000
9500
10004a
16500
11000
11500
12000
12500
13000
13500
14000
14500
15000
15500
16000
17000
18000
19000
20000
21000
22000
23000
24C00
25000
26000
27000
28000
29000
30000
31000

0.0 CEGREES

100

<443
+433
425
2418
<412
407
+402
+358
+ 3594
«35¢C
.387
. 383
.38C
.378
»375
372
.370
»368
« 366
»363
«3€&1
«359
«358
«356
«354
<352
<351
«349
347
« 346
+ 344
«343
« 340
.3137
<334
«322
325
.327
«324
.322
.32C
.318
315
+313
311
«3C9
«307
»305
+3C3
301
»299
. 2917
«295
+2593
=291
250
285
«28C
«276
.272
. 267
«263
+258
254
.25¢
246
241
237
«233
<228
«224
.2138
211
«202
<192
-183
«173
163
«152
<141
«128
116
<101
.084
063
.031
.000

2CC

«42C
413
«4C7
«4C2
<357
«363
« 389
.385
.382
«378
376
«373
«37C
.38
. 366
362
PE-T-23
«359
«357
+35

»353
+351
.35C
. 348
348
- 345
»343
«342
«34C
.339
»337
+334
.332
.325
.327
<324
.322
.32C
<317
.35
.3113
«3101
+3C3
.307
.1305
.30
«3C1
«299
«297
.255
«293
291
.285
<288
.286
<281
L2777
272
.268
<264
259
.255
.251
247
242
.238
<234
.23C
»225
221
217
.208
.199
«18C
.181
171
2161
151
.1338
«127
«115
«1CC
083
.063
»030
.000

DELTA=

30C

L4013
.197
393
.388
.384
. 381
+377
374
.371
. 365
.366
.364
. 361
. 355
.357
.355
.353
.351
©345
.347
345
. 344
<362
. 341
.319
.337
<336
. 335
.131
L3132
.32
.327
.324
L322
.31%
L317
.35
L33
311
.3C8
. 306
. 304
.3C2
.36C
.298
.297
.255
.293
.291
.285
.287
.285
.28B4
.282
.278
L2173
269
265
.26C
.256
. 252
.248
.244
.24C
.235
.27
.227
.223
.219
.214
.206
.197
.188
.175
<169
.158
L1439
.138
-12¢
.13
.09%
.082
.C62
.030
.000

10.0 DEGREES

4C0

.388
.384
- 380
.376
373
«370
«367
<364
362
«359
«357
.355
+353
+350
349
<347
. 345
. 343
<341
+340
338
«337
+335
«334
.332
+331
»329
328
»327
. 324
322
3139
»317
<315
»312
«310
.308
306
«304
.302
.300
+298
«296
+294
292
.291
289
<287
. 285
. 283
+282
280
.278
<274
+270
265
«261
257
+253
« 249
« 245
«241
»237
«233
228
«224
.220
<216
212
.203
195
.186
LA77
. 167
.158
+147
«136
125
.112
«C38
. 082
.061
+030
.000

500

.376
.372
« 369
. 366
.363
.36C
.357
.355
.353
.351
. 348
.346
344
.343
L3410
.339
.337
.33
334
.133
.331
.330
.328
127
.326
.324
.323
.322
.319
317
.34
.312
.310
.308
.306
304
.3c2
. 300
+258
.296
.294
.292
.290
.289
.287
.285
.283
. 281
.280
.278
276
.275
<270
. 266
.262
.258
.254
250
246
. 242
.238
214
.230
.226
.222
.218
214
.209
.201
.193
<184
.175
.166
156
<146
.135
.123
111
097
. 081
.061
.029
.000

600

. 365
.362
.359
.356
.353
.351
.349
L346
. 346
.342
.340
.339
L3137
.335
.333
.332
.330
.3129
.327
.326
.324
.323
.322
.320
<319
.318
.317
.314
.312
.310
.308
306
.303
.301
.299
.297
.296
.29%
.292
.290
.288
.286
.285
.283
.281
.279
.278
L2786
.274
L2713
.271
.267
.263
.259
.255
.251
L 247
.243
.239
.235
.231
L2217
.223
.219
.215
2211
.2C7
.199
.190
.182
.173
.164
.154
164
$134
.22
.110
.096
.080
L0860
.029
.0C0

700

+155
.352
«349
« 347
+ 345
343
«3%40
.338
337
+335
«333
«331
«330
.328
«327
«325
«324
«322
321
319
.318
.317
316
<314
<113
+312
.310
+307
<305
+303
301
«299
+297
«295
+293
292
. 290
.288
«»286
284
.283%
«281
279
278
2276
e 274
273
« 271
. 269
« 268
<264
<260
«256
«252
«248
«24%
. 240
<236
.232
.228
225
.221
.217
«213
«209
- 205
+ 197
.188
. 180
«171
.162
+153
<143
132
121
-109
095
+079
+059
.029
000

800

346
+343
+ 341
339
337
335
.333
331
«329
.328
326
«324
323
321
«320
319

.000

800

«337
+335
»333
«331
.329
«327
126
«324
»322
<321
«313
.318
316
<315

312

«306

1000

. 262

11C0

.322
-320
.319
«317
315
«314
<312
.31l
<310
«308
«307
«306
«304
+303
»302
«301
«300
+299
.298
«296
«295
»294
«292
«290
.289
.287
.285
.283
.281
«280
.278
<276
275
273
.272
+27C
+268

lacc

«315

.30¢

<301

-27C

262

. 26C

12¢C

.3Cs
«3C7
.30
«3C4
»3C3
2302
«30C
«255
.258
£2517
«25¢€
« 254
.293
2562
.261
+26C
< 28S
.288
. 287
.28¢
<284
. 283
.281
27§
217
<276
<274
«272
271
. 265
268
268
« 265
261
<282
.28
+25%
#2571
258
254
»253
«252
.25C
248
245
242
228
»235%
«231
<228
224
.221
2117
214
210
207
.2C3
.159
+15€
«152
- 185
177
- 165
. 1€1
.152
144
+124
124
<114
102
.C8C
L8
.C5¢
027
.CCC

14CC

15¢C

. 257
-295
«254
293
292
«261
.289
.288
«287
v286
+285
«284
~283
-282
«281
»28C
«28C
«279
« 277
275
=274
«272
£21C
«269
«267
266
<284
«263
=261
260
«258
257
«255
«254
«253
«251
+25C
«248
247
246
244
243
«24C
236
233
«229
«226
o223
219
216
213
«2C9
«2C6
.202
«159
«165
+192
-188
»181
+173
o166
«158
149
«141
.132
«122
112
«1CC
.Ce8
«C73
»C55
«C27
.CCO

16C0

=261
+ 290
.289
.288
<286
.285
. 284
.283
.282
.281
.280
279
«279
.278
.27
276
.275
273
272
.270
268
267
+265
264
262
.261
«259
.258
257
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RA»
100
200
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600
700
a00
300
1000
1100
1200
1300
1400
1500
1600
L1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
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2900
3000
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3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
5800
7000
7200
7400
7600
7800
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8500
9000
3500
10000
10500
11000
11500
12000
12500
13600
13500
14000
14500
15000
15500
18000
17000
18000
19000
20000
21000
22000
23000
24000
25000
26000
270600
28000
29000
30000
31000
32000
37000
42000
47000
52000
57000
62000

67000
72000
17000
832000

0.0 CEGREES

100

+444
434
426
419
L414
.409
+404
.400
.396
393
-390
.387
.384
.381
.379
.377
.374
.372
.370
.368
.387
.165
363
.361
. 360
.358
.357
.355
L354
.353
.351
.350
.348
345
L343
.341
L339
L1337
.335
.333
L3731
L3130
.328
L3268
.325
.123
.322
.320
.319
.37
2316
.35
.313
L312
L3t
.309
.306
3013
.301
.298
.295
.293
.290
.288
.285
.281
.281
.275
.271
.275
.272
L2171
L2617
L2613
.260
.256
.253
.250
.247
L244
241
.239
.236
.233
L2131
.229
.226
.224
.214
<205
L1917
. 190
.183
.178
L1712
.168
163
-159

200

.421
.415
L4C9
.404
.39
.35
.351
.388
.385
.382
.379
377
.1T4
.372
.37C
368
. 364
2364
.362
360
.358
.357
.355
.354
.352
351
.35¢C
. 348
.347
.346
.344
342
340
.338
.33
.334
.332
.33C
.328
.327
.325
L3213
.322
.320
.319
a7
.316
.314
.31
.312
.316
.309
.308
.307
.305
+302
.299
.297
L2594
.25t
.28
.287
.284
.282
.280
.218
275
.213
2N
.269
.267
L2464
.260
.257
.253
.250
.247
L244
.241
.239
.26
.273
.231
.229
226
.224
2222
.212
.203
L1495
.188
.182
176
L7
166
.162
.158

DELTA=

300

«404
«335
+ 395
+ 380
. 387
«383
«38C
377
«374
372
« 38635
2367
« 365
363
361
+ 359
«357
«35¢
+354
+352
+351
« 345
=348
«347
. 345
2344
343
341
«34C
-335
«337
« 335
«313
«331
«329
327
+325
-323
322
«320
» 318
317
+316
«314
313
#3111
«31C
.309
» 307
»3C6
-305
+304
<302
«-3C1
298
«23¢&
+291
«29C
«288
.Z85
-2B3
281
<279
« 278
«274
272
270
+268
268
«264
«261
«257
254
«251
2 248
245
«242
«238
+236
-234
231
226
«226
«224
.222
»22C
«210
.201
«18)
-186
« 180
174
.169
«165
. 160
. 156

G.C DEGREES

400

.390
L3A6
.382
L3739
.37e
L373
.370
2367
.365
.363
L1361
.358
.357
. 355
.353
.351
.350
+348
347
+345
.344
2342
L34
.340
.338
=337
2336
. 335
.334
.332
.3130
.328
.326
.324
L322
.320
.319
L3117
.36
.314
.313
L1311
.310
.309
.367
.306
.305
.303
.302
.301
.300
.299
.297
.295
.292
.289
.287
.284
.282
.280
.277
L2715
.273
.27
.269
.267
.265
.263
.261
.258
.254
.251
.248
£245
L2462
L2139
L2386
.234
.231
.229
.226
.224
.222
.220
.217
.208
+199
.191
.185
.178
.173
.168
.163
.159
.155

500

.378
2374
371
.368
.366
.361
361
.358
355
.354
2352
.350
349
.347
+345
.344
.342
+341
.139
.338
.337
.36
.334
.333
.332
.331
.330
.329
.327
.325
.323
.321
.319
.318
.316
$314
.313
.311
.310
.308
.307
.306
.304
.303
302
<301
.299
.298
.297
.296
.295
.294
.291
.288
.286
.283
. 281
.279
.276
.274
.272
.270
.268
.266
.264
.262
$260
.258
. 255
.252
+248
+245
.242
.239
237
«234
.231
.229
.226
224
.222
. 220
.217
<215
.206
.197
.190
.183
+177

=171

166
-162
158
- 154

5C0

- 367
» 364
+361
«359
356
«354
+352
« 350
<348
346
344
+ 343
«341
» 340
.338
337
«335
334
333
332
+3130
-329
.328
. 327
«326
. 325
<324
322
320
.318
<31
<315
313
<311
310
.3C8
307
« 306
« 304
« 303
.102
-3C0
«299
-298
+237
«295
+ 294
-293
2292
»291
«23%0
287
285
.282
. 280
.278
«275
«273
«271
269
267
» 265
+263
«261
+259
+257
256
252
<249
° 246
+243
240
«237
0234
«232
«229
«227
« 224
.222
«220
217
215
<213
« 204
<195
.138
«181
<175
«170
» 165
«160
«156
152

700

+357
+355
+352
- 350
« 348
<366
« 344
342
» 340
«339
«337
» 336
334
333
+331
330
«329
«328
»326
«325
«324
«323
.322
-321
+320
=319
<317
«315
«314
+312
310
. 309
+ 307
«306
«304
=303
«302
«300
+299
298
=298
«295
+294
+233
+292
+291
-289
+288
- 287
<286
«2B4
.281
«279
276
- 27%
-272
«270
«268
2686
« 264
$262
+280
258
«256
«255
»253
+ 258
« 246
2463
+240
+237
«235
«232
229

.222

8C0

. 348
. 345
«344
342
«340
.338
+336
<335
+333
332
330
329
.328
=326
325
<324
«323
-321
=320
+319
«318
317
316
«315
314
<313
.31
+309
.307
« 3086
. 304
«303
«302
- 300
=299
-237
296
2935
« 294
293
«291
.290
-289
.288
.287
. 286
285
284
»283
. 280
.278
«275
273
$27%
- 269
+267
+ 268
«263
-261
«259
+257
255
«254
252
+250
- 247
<244
241
«238
+235
.232
+230
227
«225
.222
-220
218
215
.213
=211
-209
+200
.192
.185
.178
<172
- 167
162
.158
- 154
.150

200

+340
.338
«336
334
333
«331
+329
328
«326
«325
324
«322
«321
«320
«319
318
317
<316
+315
<314
313
312
«311
«310
.308
«3C6
- 305
<303
.302
+ 300
«299
«297
.296
-295
« 294
.292
.291
+290
.289
«288
- 287
. 285
- 284
.283
-282
-281
« 280
279
277
2274
«272
270
268
« 266
«26%
262
=260
«258
256
. 254
.253
«251
+ 249
<247
244
+241
.238
+235
-233
«230
227
225
.222
»220
.218
215
«213
<211
- 209
207
.198
»190
.183
177
«171
«l66
161
=157
«152
«149

1000

«332
«330
+329
«327
326
=324
»323
321
«320
+319
<317
«316
«315
314
313
«312
«311
«310
«309
»308
307
.306
+305
«304
»302
+301
<299
+298
296
«295
294
-292
«291
«290
.289
.287
.286
» 283
+284
283
.282
-2B81
- 280
279
.278
«2717
276
«274
+271
«259
» 267
+265
-263
261
«259
257
-25%5
-253
«252
«+250
<248
247
245
«242
.239
«236
«233
-230
.228
225
223
«220
+218
«216
+213
<211
+20%
207
-205
.198
.189
«182
=175
170
. 164
+ 160
- 155
151
- 148

1100

«32%
.323
322
-320
.319
.318
<316
+315
«314
<313
<312
«31C
<309
«308
307
- 308
+30€
«305
<304
»302
»302
.301
«300
-.298
298
«255
294
+292
291
+29C
+288
-287
«288
+285
+284
.283
-287
+2B1
279
.278
277
276
2275
274
2274
+273
«27C
. 268
266
«264
262
. 260
<258
«25%
«254
«252
=251
=249
247
248
a244%
242
.239
+236
233
231
.228
=225
.221
.2240
«218
216
«214
«211
-209
+207
+» 205
<204
-195
187
-180
174
-168
-163
«158
«154
-150
- 146

1200

318
<317
. 115
«314
312
312
«31C
»3CS
-3C8
+307
-3C¢
+3C5
<304
« 103
» 302
»3C1
+3CC
« 255
«255
298

+295%

-251

<288

285

275
«271
+275%
<274
272
2272
<271
«27C
<268
267
<265
283
261
+ 255
2517
=255
.252
«251
«25C
s 248
«24¢
«245
«243
241
240
.237
2234
231
«228
228
223
«221
«218
216
<214
«212
+21C
+2C7
«2C¢
+2C4
+202
-191
«185
-178
«172
« 167
+162
157
2152
+ 149
- 1645

12cc

-312
«311
+3CS
+3C¢8
«3C7
»3C¢
«3C5
+3C4
«3C13
» 302
=3C1
«30C
=255
258
+257
+25€
«255
2254
«254
.253
0251
«25C
-2BS
-287
«286
«285
281
<282
-281
«28C
+275
<218
o277
+27¢
275
274
-2717
«272
.271
«27C
« 285
- 258
«2€E7
~ZEE
2264
262
.« 28C
-25€
+é5¢
«254
«252
«25C
<245
« 247
245
244
«242
«24C
226
.237
234
-332
-229
. 22¢
+224
-221
-219
216
<214
212
«21C
«2CE
«2C6
«2C4
.2C2
«2CC
+161
<184
<177
<171
-165
+16C
«15¢6
.152
.l148
« 144

14CC

«3C¢
« 305
«3C4
.302
»3C1
-3CC
.299
«25E
. 251
+25¢€
- 285
+25%%
«254
«253
+2582
«251
250
«25C
. 285
+2EE
«2BE
<285
. 284
.282
281
«28C
275
<278
<277
«275
«274
»273
.272
.271
.27C
- 265
+ 265
.268
<267
«26€
+ 285
<264
+263
261
=255
-257
+255
»253
251
250
«248
248
«Z44
243
241
«24C
.238
.23¢
«2135
=212
225
-227
<224
»221
»218
-217
2214
.212
«21C
«2C8
. 2C¢&
204
«2C2
+2CC
.19¢8
+13C
182
«176
-17C
184
+ 158
«155
- 15C
o147
<143

1500

+»300
259
258
297
296
+295
«254
293
+292
«291
+25C
+259C
»289
+ 288
«287
~287
+286
«285
«28%
«282
.281
«28C
279
277
276
«275
274
273
<272
271
«27C
269
+268
.267
+266
- 265
«264
<264
«2861
«262
.261
+260
+258
+256
«254
+252
-25C
« 249
«247
«245
244
e 242
= 24C
235
«237
«236
«234
+233
230
«227
0224
222
«219
~ 217
+215
«212
=21C
«2C8
«2C6
<204
«2C2
+ 280
198
+196
.188
181
«174
~168
<163
158
«153
«149
«145
=142

15

1600

« 295
«294
»25%3
«252
291
+ 290
+288
+288
»287
- 287
<286
285
« 284
283
«283
.282
. 281
»280
+ 273
.278
+276
<275
«274
273
<272
271
«270
269
.268
267
266
- 265
. 284
»263
«262
281
261
+260
+2539
-258
257
+ 255
.253
«251
+ 250
«248
« 248
» 244
243
241
«239
=238
»236
+235
«233
232
«230
»228
225
o222
-220
«217
+215
«213
-210
»208
+206
+2C4
.202
»200
198
197
.135
.187
=179
«173
«167
+162
-157
«152
- 148
+ 144
+141



BETA=

*RP
RA®
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
L1700
1800
1300
2000
2100
2200
21700
2400
2500
2600
2700
2800
2900
3000
3100
3200
3400
35600
3800
4000
4200
4400
4600
4800
5000
$200
5400
5600
5800
6000
6200
6400
6600
6800
7000
7200
7400
7600
7800
8000
85C0
9000
9500
10000
18500
11000
11500
12000
12500

0.0 DEGREES

1Co

«h4C
«429
420
+411
-40¢&
«400
«365
«390
»385
381
«377
«373
« 369
<386
«362
+359
«35¢
«353
«350
« 347
«345
342
+339
«377
334
«332
«329
«327
»325
#2322
»320
.318
«313
»309
»3C5
«300
<296
.282
«288
.281
279
«275
«271
=266
-262
»258
-253
»249
«244
«24C
+235
.21
<226
+221
216
+211
+1598
-184
»170
1512
+135
<14
.089
.051
+000

200

<416
<408
<402
+ 356
<350
.385
.381
377
«373
. 349
«365
.362
»359
«355
«352
«349
347
=344
341
.338
-338
«333
«331
.329
-326
324
321
.318
<317
«315
313
«308
- 304
«3C0
296
.291
«287
.283
218
.25
271
266
»262
«258
+254
.250
245
241
+236
+232
.227
.223
+218
.213
.208
+195
.182
<167
.151
<123
113
.087
«051
000

DELTA= 2C.0 DEGREES

300

. 358
392
. 386
«382
-377
373
+369
+ 365
<361
.358
«355
+352
« 349
. 346
« 343
< 34C
+338
+335
+332
.330
328
+325
.323
.321
.318
<316
314
«312
«31C
- 307
»303
+288
«295
»291
.287
.283
278
«275
2271
267
+263
+258
<254
+25C
246
«242
«237
«233
«229
«224
220
«215
.210
. 205
.193
+175
« 165
- 149
.132
111
+086
+050
«00C

400

383
«378
373
«369
«365
+361
«358
«354
351
» 348
«345
=342
«339
=337
«334
«332
«3129
«327
«324
«322
«320
»317
«315
.3113
.311
»309
+307
«305
»303
.298
«294
+290
+286
.282
2278
275
«271
<267
.263
+259
«255
«251
« 247
242
«238
- 234
230
«225
221
.216
<212
.207
.203
. 190
<177
<163
<147
«130
-110
«085
+049
000

500

.370
«365
.361
.358
«354
.351
.348
+345
.342
.339
.336
«333
.331
.328
.326
.324
.321
2319
.317
2314
2312
.310
.308
.306
. 304
.302
.300
.298
.294
.290
.286
.282
.2178
2274
.270
.267
.263
.259
.255
.251
L2417
.243
.239
.235
.231
.227
222
.218
.214
.209
.204
<200
.188
175
.161
.145
.128
.108
.08%
.049
. 000

I3

600

+358
« 354
351
« 347
<344
<341
.338
<335
+333
.330
328
« 325
.323
«320
.318
316
<314
<311
«309
«307
«305
.303
»301
+299
297
«295
.293
.289
+285
«282
278
<274
<270
«267
«263
.259
255
.251
. 247
« 244
«240
+236
.232
228
.223
.219
+215
=211
+ 206
.202
197
185
172
+159
.143
127
+107
.083
- 048
+000

7c0

. 347
« 344
«341
»338
«335
«332
-329
«327
324
322
-320
-317
»315
»313
#3111
-309
» 306
« 304
»302
»300
«298
+296
«294
292
«291
- 2R9
«285
.281
« 277
«274
270
«266
=263
«259
«255
252
« 248
244
+ 240
«236
«232
+228
e 224
-220
216
«Z212
«208
+203
+ 199
+195
+183
.170
<157
. 142
125
- 106
.082
043
.000

800

.338
+335
332
.329
326
324
321
-319
<317
<314
+312
.310
.308
«3C6
- 304
«302
+300
.298
+296
.2%4
<282
«290
.288
286
=284
.281
217
273
<270
«266
263
259
-255
252
.248
« 244
+241
.237
+233
229
-225
«221
217
213
.209
.205
+201
«196
.192
.180
.168
«155
. 140
-123
104
.081
047
.000

S00

329
.326
+323
.321
.318
.316
<314
.311
.309
.307
+305
303
.301
+299
<297
«295
+293
291
«289
287
286
«284
282
.280
«276
273
269
<266
262
+259
+255
+252
»248
«245
241
237
234
230
.226
.222
.219
215
«211
.207
«202
.198
<194
»190
.178
<166
«153
.138
.122
.103
+0BO
+046
000

1000

«320
.318
«315
«313
<311
-308
«306
» 304
« 302
« 300
=298
«296
«294
«292
«290¢
«289
.287
-285
283
281
+279
«278
-276
272
269
266
+262
«25%
«255
»252
<248
» 245
241
.238
234
+»231
»227
.223
219
216
-212
208
204
+200
.196
.191
-187
176
164
. 151
«136
.120
102
«079
<046
000

1100

+312
.31C
«308
.3C8
.303
«301
+ 299
+297
+255
«293
.292
-290
.288
«286
<284
.282
.281
278
£ 277
275
274
272
269
«265
2262
«258
«255
+252
248
«245
. 242
.238
«235
231
228
+224
«220
217
+213
»209
«205
.201
«197
«193
.189
«185
-174
182
«149
135
119
«101
.078
045
.00C

12c¢C

»3CS
+3C32
<3C1
.299
«2597
«295
+2913
.291
« 28§
« 287
«285
284
-282
- 28C
-278
«277
275
«273
271
»270
<268
265
261
258
+255
252
»248
245
242
.238
+235
.22
228
225
.221
-217
«214
«21C
«2C€
+2C3
.195
. 1585
151
-187
~182
172
-1€0
<147
.133
118
«1CC
077
«045
.CCC

13CC

« 258
25¢
« 254
252
«25C
»2EE
«2BE
285
»283
.281
»27§
.278
$27¢
«274
273
«271
« 265
«2¢E
v26€&
284
261
«25¢&
«255
«2%1
«248
« 245
«242
-¢28
-235
«232
226
=225
«222
«Z1E
«215
«211
«208
«2C4
«2CC
«19¢
192
+1EE
<184
«18C
«L€S
- 158
<145
122
116
+CS5E
«C76
«C44
«CCC

14CC

. 261
+289
<288
286
2284
.282
«28C
+276
<277
275
«274
272
. 27C
. 268
«2€7
«265
264
<262
261
«257
«254
251
s 248
245
«242
.23§
+235
«232
« 225
. 22€
222
21§
»215
212
«2C8
«2C5
.2C1
<198
<164
+18¢C
<186
.182
« 178
167
.15¢&
Sl44
.13
<115
+C§7
.075
+044
+CCC

15CC

-285
.283
.282
«28C
«278
« 276
»275
.2173
«271
«27C
«268
266
«265
+263
«262
«26C
«259
257
+254
251
+248
245
+242
2339
235
.232
«229
«226
«223
2219
«216
.213
«2C8
«2C6
$202
.199
. 195
.192
.188
«184
.18
«176
165
154
s 142
-129
«114
+C586
+CT5
+C43
.CC0

17

1600

279
-277
«276
«274
=272
+271
- 269
«267
e266
w264
263
«261
«260
258
257
255
«254
«251
« 248
« 245
242
»239
«235
v232
«229
226
223
220
217
2213
«210
«207
«2C3
+200
196
«193
.189
»-185
.182
«178
«174
«163
+152
« 140
-127
.112
<095
.Q74
. 043
000
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BETA=

sRP

RAw

100

2900

300

400

500

600

700

800

900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2740
2800
2900
3000
3100
200
3400
35600
2400
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400

BETA=

RP
RA®
100
200
300
400
500
600
700
800
900

1000

1100

1200

1300

L1400

1500

1600

1700

1800

1500

2000

2100

2200

2300

2400

2500

2600

2100

2800

2900

3006

3100

3200

3400

3600

0.0 CEGREES

0.

160 2CC
4135

422 «4C9
412 «4CC
«403 352
. 395 384
. 387 .378
.380 371
374 +365
.368 «34C
363 - 354
+357 . 349
=352 . 344
347 + 346
342 +335
«337 -330
-333 .32¢
<328 -322
»32% 317
.319 .312
+315 .309
.310 =305
«306 +36C
.302 «296
298 .292
«2913 .2E8
.289 «284
.285 . 28C
.281 -27¢
<26 272
.272 267
.268 263
«263 »259
«255 250
«246 «242
«236 232
.227 £223
217 .212
.207 «2C3
196 -193
-185 .182
.172 L17C
+159 -157
«145 .143
129 .127
.111 .11C
+0%¢ .088
<061 2066
.00C 000
0 CEGREES

106 2¢e
427

L4l - 35¢
.387 . 385
.386 =374
375 =364
<365 «355
+35¢ « 348
<347 .338
.338 «33C
«130 -322
<321 <314
313 . 306
+3C5 .298
.2987 «291
.289 -283
+281 .275
273 =268
265 - 26C
. 257 «252
<249 . 244
«24C .235
.231 227
222 .218
.213 .209
.203 .199
193 .189
.182 179
171 -168
.153 «15¢
«l46 . 143
.132 -129
116 114
074 .012
.000 .0C¢

DELTA= 30.0 DEGREES

3ec

» 3839
»381
+ 375
«365
=363
=157
«352
- 347
«342
- 337
PERE
.28
«324
.32C
.315
311
.307
«303
»299
«265
291
. 287
.283
«27%
.215
. 271
267
263
«25%
«254
«24E
<237
229
219
.21C
«20C
.18C
. 175
<167
154
« 141
.128
.108
087
. 0548
.0CC

4CO

.372
+ 366
+3560
+355

500

DELTA= &4C.0 DEGREES

30C

«072
«000

4C0

5CO

6CO

.345
+340
L3385
.331
.326
.322
.318
34
.310
.3C6
302
.298
.295
.291
.287
.283
.280
.276
L212
269
.265
.261
.257
.254
. 250
. 246
L2642
.234
.226
.218
.209
.200
.41
181
.170
<159
L147
.134
.120
.103
- 083
056
. 000

600

+322
+315
.308
.301
.295
.288
.281
274
~268
. 261
+254
247
+240
.233
-225
.218
210
.2C2
194
.185
176
<166
156
<145
-133
.120
J166
068
0G0

100

100

800

BCC

+285

900

312
«308

301

1000

+303

.232

«285

.272
.268

1000

1100

«294

267

+254
251

077
052
.00C

1100

12cc

.11C
«076

£52
«CCC

12¢C

130C

.278
274
271
- 26E
«265
262
255
256
252
«25C
«24€
241
«24C
.237
-234
+2
«221
224
»221
-217
.21C
.2C3
-16¢
188
.18
172
«1£3
154
ISLL]
.123
121
.1C8
.C§52
.C15
.CS51
.CCc

13¢c

14CC

-27C
. 2817

14CC

15C0

#2563
«26C
257
+254
251
«248
«245
«242
235
.26
#2213
.230
227
«224
.221
-218
2214
211
. 204
168
«18C
.183
.175
«167
+159
. 150
- 14C
-130
.118
-1C5
.91
«C13
.C5C
-{Co

15¢C¢C

«222
.218
+211
+205
«198
-193
.187
«18C
<173
166
159
+ 151
«143
<134
. 125
.115
- 104
«C51
.C59
.CCC

16CO0

«256
+253
«250
+ 2RT
244
<241
+238
236
+233
«230
2227
»224
£ 221
-218
<214
L2101
+208
+202
+ 195
-188
«181
«173
+165
-157
+ 148
+138
-128
117
+L0%
+090
+072
+C49
« 000

16CQ

213
«207
«202
+«196
+190
<184
177
<171
« 164
«1586
. 149
141
.132
-123
+113
102
.€90
-058
+CCO



BETA=

*RP
RAs
100
200
300
400
500
600
700
800
300
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000

BEVA=

*RP
RA»
100
200
300
400
500
600
100
800
9c0
1000

dETA=

*RP
RAs
100
200
300
400
500

0.0 DEGREES

100

<412
381
«372
#3355
v 34C
324
«309
254
278
+264
+ 249
.233
+216
.198
178
157
-132
«101
057
.000

2040

<376
«358
<344
.329
315
«3CC
-286
.272
257
»242
227
<218
.193
<174
.153
129
.09%
+055
+0CC

0.0 DEGREES

1cc

.38¢
354
.323
«294
« 264
«2313
.199
« 1539
<107
«000

20C

+3137
<310
.283
.255
«225
.192
«154
<1C4
«0CG

0.0 CEGREES

1co

»32%
.262
«185
«052
.000

20¢

s24¢
<175
<049
.0CC

DELTA= 50.0 DEGREES

300

.47
.333
»318
.3C6
292
« 275
+ 265
«251
.236
.221
+ 205
.188
170
. 148
«126
097
054
.00¢

4CQ

«323
- 310
«297
-284
#2711
+258
+ 245
.231
« 216
«201
184
o166
<146
«123
.095
.£53
+C00

500

.302
«290
217
<265
«252
<239
225
211
<136
.180
«162
«143
.120
.093
.052
« 000

DELTA= 6C.0 DEGREES

EDIY

.298
272
246
218
186
. 145
+ 101
.CCC

400

w263
».238
211
.1840
« 145
.C98
. 000

500

.231
<204
+175
o L4l
+«095
+0CQ

DELTA= 70.0 DEGREES

3oc

+166
047
+CCC

400

«045
«000

500

- 0Co

6C0

.282
271
.258
<246
233
£ 220
+206
.192
<176
159
- 140
118
.091
.051
.000

600

.198
.170
137
.C93
.000

6C0

700

«264
»252
+241
.228
»215
»202
+~1B8
172
« 156
«137
+115
.089
. 050
+000

700

« 166
-133
«090
000

700

804

267
235
223
.211
«198
.184
169
152
=134
»113
.087
043
+000

800

.130

.C88
+C00

800

900

<230
.218
206
<194
. 180
. 165
149
-131
111
.085
<048
.000

00

086
.000

900

1000

214
«202
«15C
176
162
. 146
«-129
. 109
084
047
.000

1000

«000

1000

1100

198
.18¢
173
.15%
«144
126
107
.082
«04¢
«000

1100

1100

l1z2cc

182
«17C
+15¢
ol4l
<124
-105
.081
045
.Cccc

Ltzoc

12¢C

12CC

«1€€
«153
-128
.122
«1C3
.5
«Ch4
«CCC

13CC

13¢C

14CC

.15C
-13¢
.12C
« 101
-C78
.C43
LL0C

14CC

14CC

15CC

.133
117
.C99
.76
«C43
+CCO

15CC

15CC

19

1600

«115
«097
075
» 042
.0C0

1600

16C0



20

BETA=

RP
RAs
100
200
100
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2100
2800
2900
3000
3100
3200
1400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
6800
1000
7200
7400
7600
7800
8000
8500
9000
3500
10000

10500

11000

11500

12000

12500

13000

13500

14000

14500

15000

15500

16000

17000

18000

19000

20000

21000

22000

21000

24000

25000

26000

27000

28000

29000

30000

31000

32000

37000

42000

47000

52000

57000

52000

67000

72000

77000

82000

20.0 CEGREES

100

L4414
434
L4286
.419
Jh14
L4C9
L404
Y
.396
392
.389
<386
.383
.381
.378
.375
.373
L3710
.69
L3867
365
2363
.361
.356
.358
.356
+354
2353
.351
.35¢C
348
L1417
L344
L341
.339
.337
L334
.332
.330
.328
.326
L324
322
.320
.318
L3168
.314
313
L3111
L309
.308
.3C6
o304
L3013
<301
.3CC
L2986
.29
.28%
286
.283
.280
277
.274
.271
.268
.266
.261
L2860
.258
.255
.253
.248
.244
.24C
.235
<231
.228
.224
220
.217
214
.218
.207
.264
.201
.199
.196
.183
w172
.162
L1523
<145
.138
132
.126
.120
.115

2CC

<421
414
«4C9
«4C4
+3585
«355
+391
388
-384
»381
378
378
373
<371
-368
<36t
<384
362
+ 360
.358
«357
«355
«353
.352
«35C
<348
«347
«345
344
« 3473
+341
<335
«336
«334
3131
.329
-327
.325
<323
<321
.319
<317
+315
314
+312
.31C
.308
.307
+305
+304
.302
. 301
=259
.298

+296,

£292
-288
. 286
.283
.280
2277
<274
271
268
»2€5
«26%
260
.258
-255
»25%
250
$24€
-241
237
+233
-228
226
-222
218
.215
.212
+2C8
206
.203
.20C
167
194
.182
A
161
152
+ 145
.138
-131
125
.12C
115

DELTA=

30C

. 404
-388
+394
«35C
.38¢
.383
.38C
+3M
+374
371
+ 365
. 366
+ 364
+362
368
«358
+356
- 354
.352
<351
. 348
+ 347
348
344
343
+341
+34C
+339
- 337
336
+333
.331
.329
. 327
»324
.322
«32C
-318
316
315
.313
+311
«3CS
»3C8
. 306
«3C4
=303
«3C1
«3CC
-298
«257
«295
. 294
«252
.285
« 286
-282
<275
<276
.21
271
.268
«265
- 262
=260
«257
+255
. 252
«25C
+ 248
» 243
239
-2135
£231
227
223

217

«207

€.0 DEGREES

4C0

« 350
«386
382
»378
. 375
<372
.1269
.3617
« 364
«362
. 360
. 357
«355
+353
+352
«350
. 348
« 346
+ 345
+ 363
«342
«340
.339
<137
338
-335
.333
<332
<331

324

«320

312

=300

500

.378
.374
Y
.368
.365
.362
+360
.358
.355
.353
.351
.349
.347
.346
T
.342
L3481
.339
.338
.3136
.335
.333
L3132
L3131
.33C
.328
.327
.326
o324
.321
.319
L3117
L35
.33
311
.31¢
.3C8
306
304
.303
.3C1
L300
.298
L2617
.295
.294
.292
.291
.289

.288°

.287
.285
282
279
276
273
.27C
267
265
»262
.259%
.257
. 254
.252
»250
247
- 245
« 243
-23%
«234
»231
£ 227
.221
.220
216
213
.21C
.206
.203
.201
-168
-195
.192
»190
.178
167
.158
150
142
135
129
123
.118
.113

600

. 367
364
«361
«358
.356
. 354
351
. 349
<347
<345
. 343
342
. 340
338
.337
.335
=334
.332
.331
.330
<328
327
- 326
- 325
<323
322

+321

.317

700

.357
.354
«352
.350
<347
+345
.343
131
. 340
.338
=336
L334
.333
331
£330
.329
.327
.326
.3125
2323
.322
+321
«320
.319
.7
.316
314
.12
-110
.08
.307
. 305
.10
.301
.300
.298
.297
.295
.293
.292
.291
.289
.288
. 286
.285
.284
.282
.Z81
.280
.27%
.275
L2713
L2170
<267
.264
.261
<259
.256
.254
<252
<249
247
.24%
.242
.240
.238
.234
.230
.226
223
.219
.216
212
.209
.206
.201
. 200
.197
.195
.192
.189
.187
.175
- 165
156
<148
<141
.134
128
122
-117
112

ggo

+348
. 346
344
341
.339
.338
«336
23134
.332
+331
329
328
.326
+325
«324
.322
2321
.320
«319
317

»315

300

<340
.338
<3136
-334
332
«330
<329
«327
+326
«324
327
.321
«320
+319
117
<316
.315
+314
.313
<312
+311
310
«308
-307
.308

.302

+297

294

1000

. 332

1100

-137
.131

120
115
o111

12¢C

« 218
<217
«215

132¢¢

<214

.202
145
156
<154
<151
<188
«1E&
187
-181
.18
+16E
- 15§
+15C
+143
.13¢
«13C
<124
118
«114
«11C

14CC

1]
+3C5
-3C3
«3C2
+3C1
P14 4
+266
258
«26¢€
268
-264
+294
.253
+252
251
«29C
+ 289
288
-287
.286

.283

.135
«125%
.123
-118
2114
.1C5

15C0

»3C0
+2565
. 258
297
«29€
«264
253
252
.291
«29C
«26C
+289
.288
287
.286
. 285
«284
- 284
.282
.28C
« 275
.278
.276
275
«274
272
271
«27C
«265
-267
«266
265
2264
«263
.262
261
«260
.258
«2517
256
.255
254
252
250
« 247
«245
2243
«24C
238
-236
234
«232
<230
.228
228
«225
.223
<221
«217
.214
«211
-208
2G5
«202
- 199
-198
.1%3
#1911
.188
186
.183
-181
«178
+176
-18&
+157
<149
141
+135
.128
123
118
113
109

16C6

+295
« 294
293
«291
«25¢C
- 289
.288
+288
.287
. 286
+285
<284
-283
.282
+281
-2B1
<280
«278
«2717
2276
«274
273
.212
+27¢
269
.268
-267
<265
<264
«263
.262
+261
+260
+ 259
+258
257
+256
«255
«25%
-253
«252
249
<247
« 245
«242
« 240
.238
<238
234
«232
+230
.228
+226
<224
.223
.221
+219
218
.212
+.2C9
<206
«2C3
+200
187
194
192
«189
«187
- 184
. 182
.178
<177
«175
«165
1586
148
« 140
- 134
128
.122
«117
113
+108



BETA=

*RP

RAe
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2100
2800
2900
3000
3100
3200
3400
3600
3aco
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
6800
7000
7200
7400
7600
7800
80ca
8500
9000
9500
10000
10500
11000
11500
12000
12500
13000
13500
14000
14500
15000
15500
16000
17000
18000
19000
20000
21000
22000
23000
24000
25000
26000
27000
28000
29000
30000
31000
32000
37000

20.0 CEGREES

1060

443
«433
425
+418
412
.407
402
«397
«393
«390
«386
-383
.38C
377
374
372
=369
-367
<364
«362
«360
« 158
356
»354
»352
+35C
. 348
« 346
« 345
.343
«341
»340
»337
«334
321
.328
.325
«323
.320
317
=315
«312
«310
»3C8
-3C5
«3C3
+3C1
.299
257
«265
.292
+290C
.288
.286
.284
282
277
«273
.268
2673
+259
254
250
« 246
241
237
233
.229
«225
221
217
213
«205
.157
.189
182
<174
.1l88
.159
.151
<144
136
.128
+120
112
. 104
095
.086
+~000

200

+42C
413
4C1?
«4C2
.3897
+393
.389
«385
.381
.378
375
«372
. 370
367
»365
.362
«3&0
»358
«356
.353
«351
«35C
.48
« 348
344
342
<341
.3139
337
338
»334
331
«328
«32¢
3213
«320
.318
«315
.3112
«310
«308
«3Cé
.30
«301
« 259
.297
+285
293
«281
.2E8
.286
<284
.282
.281
£27%
274
. 269
$265
.26C
«256
«251
247
243
.238
+234
.230
.226
222
.218
214
-21C
+202
.185
-187
«18C
172
.1&5
«157
<150
«142
134
»127
«119
111
.102
<094
.085
.0ccC

DELTA=

30C

+403
« 387
+392
- 388
» 384
+38C
«377
«374
371
. 368
«365
.363
« 36C
. 358
356
+353
. 351
- 345
<347
« 345
344
. 342
« 340
.338
«337
335
334
«332
«331
329
+32¢
323
321
+318
+316
.313
311
. 308
+«3C6
+304
+ 301
295
257
+2585
+293
«291
«2BS
.287
. 285
283
«281
« 275
<277
«275
.27C
«266
«261
+257
+253
«248
. 244
»24C
«236
232
«228
224
«22C
«216
<212
208
+20C
163
. 185§
~178
.17C
163
+ 155
+148
«14C
.133
.125
#1117
.1CS
.101
.092
.083
.000

1C.0 DEGREES

400

»788
«384
«380
.376
373
«369
366
364
361
«358
+ 356
- 354
+351
« 349
- 347
345
«343
342
«340
.338
«336
«335
.333
+331
330
.328
.327
«325
»324
321
318
«316
313
«311
«309
<306
<304
<302
. 299
. 297
+295
293
.291
.289
+287
.285
.283
.281
.279
£ 277
+ 275
273
£ 272
267
.263
«258
«254
«250
245
«241
«237
.233
«229
«225
.221
217
. 213
+209
<206
.198
. 191
+183
.176
.168
» 161
-154
<146
.139
.131
<123
«116
.108
+C39
+091
~081
+000

500

«376
«372
- 369
«365
. 362
»36C
«357
«354
«352
+35C
347
+ 345
+343
«341
+339
.338
336
«334
+332
»331
.329
«328
«326
. 325
323
.322
320
«319
.316
«314
. 311
309
«306
«3C4
. 302
+300
+297
255
+293
291
.289
<287
.285
.281
. 281
276
.277
«276
«274
272
+270
+268
«264
259
«255
251
« 247
242
.238
+ 234
230
<226
.221
.219
215
211
207
<203
«156
.18%
.181
<174
.167
.159
.152
+145
«137
«13C
.122
114
+1Cé
058
089
»080
.000

&00

«365
362
«359
«356
-353
+351
348
« 346
. 344
342
»340
.338
.33
-334
.332
«330
-329
327
«326
+324
+323
. 321
+320
.318
317
. 316
314
.312
.309
«307
=304
«3C02
-300
«.298
+296
293
«291
«289
+287
.285
.283
.281
279
.278
276
274
.272
270
.268
267
265
261
256
-252
248
<244
240
.236
232
.228
224
.220
+216
212
.2C9
«205
.2C1
-194
.187
179
.172
« 165
« 158
+150
143
-136
.128
120
«113
.10%
+096
.087
.078
+.000

700

«355
.352
«349
347
« 344
342
« 340
.338
336
. 334
«332
330
.329
.327
.325
.324
«322
«321
«319
.318
316
.315
. 314
.312
=311
310
.307
«305
»302
. 300
«298
«296
- 294
292
+289
.287
.285
283
.282
«280
«278
276
«274
$272
.270
269
<267
265
263
262
257
«253
«249
. 245
241
=237
213
229
. 225
222
.218
-214
«-210
+207
.203
.139
.192
.185
177
-170
163
156
« 149
. 141
134
127
-119
111
«103
.095
086
Q77
.000

800

900

1000

329
<327
+325
«323
322
+ 320
.318
.317
.35
.313
<312
.311
«309
.308
=306
« 305
<304
«303
301
<300
«299
.298
.297
«294
.292
+290
.288

.282
.280

286
- 264

261
+259
. 257
.256
«254
.252
248
245
241
237
.233
=229
226
222
.218
214
<211
.207
204
.200
.197
.19
.186
179
172
«165
.158
.151
144
137
+130
122
115
.107
«099
091
082
072
.000

1100

1200

315
L2112
312
.31C
«3C5
.37
«3C¢
304
.33
«3C2
»3CC

.258

+252

13CC

. 2CS
#3307
«3C5
+2C4
.3C3
.3C1
.3CC
268
251
«29¢
+ 285
254
252
251
«26C
«2E5
- 28E
287
<288
«c8%
. 2€3
«281
. 27§
«217
«21%
<213
»271
«27C
W 2EE
iy
oit4
262
<261
«2¢C
1
£ 25¢
«25%
.252
252
«25C

<248

245

2137
225

14CC

+3C2
3C1
<3CC
2258
<2517
.26¢
«254
.252
+252
261
«2ES
288
.287
«28€
«285
+284
282
282
»2E1
275
217
«215
.272

«26E

258

15C0

«237

21

1600

«291
.250
<289
.287
<286
+285
284
.283

.281

<278

-107
.100
.92
.083
.074
064
.0co



22

BETA= 20.0 DEGREES

»RP

RA®
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
19400
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3400
1600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
6800
7000
7200
7400
71600
7800
8000
85C0
9000
9500
10000
10500
11600
11500
12000
12500
13000
13500

ico

~440
«4Z5
+420
«413
2406
.40C
+ 355
+390
»385
381
.376
«373
=369

365

.362
.359
«355
«352
» 349
347
» 344
. 341
.338
»336
+3133
.3131
+328
+326
.323
321
. 316
316
312
-307

192

#1155
-126

066
+0CC

200

« 416
#6408
402
«386
« 330
<385
«381
376
=372
368
»365

DELTA= 2C.C DEGREES

cc

«398
392

381

400

5CC

+370
. 365
<361
«357

285
- 280

600

.358

. 317
«315
.313
+310
.3C8
+306
-3C4
«302

298

+136

.130

.079
.000

700

«347
« 344
«341
-338
«335
.332
+329

T . 328

«324
.321
319
<317
.314%
-312
310

-308.

+305
. 303

+ 224
221
.217
.213
+208
.205
«201
. 197
. 187
<176
«165
154

« 141
.128-

.113
«097
077
.050
<000

800

.289

»195
«184

.163
«151

_.139
-} 26

111
. 095
-015
.048
-000
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